The weak radiative decay Ξ 0 → Λe + e − has been detected for the first time. We find 412 candidates in the signal region, with an estimated background of 15 ± 5 events. We determine the branching fraction B(Ξ 0 → Λe + e − ) = [7.6 ± 0.4(stat) ± 0.4(syst) ± 0.2(norm)] × 10 −6 , consistent with an internal bremsstrahlung process, and the decay asymmetry parameter α ΞΛee = −0.8 ± 0.2, consistent with that of Ξ 0 → Λγ. The charge conjugate reaction Ξ 0 → Λe + e − has also been observed.
Introduction 1
Since the discovery of hyperons, their (weak) radiative decays have held par-2 ticular interest [1, 2] . Still, the precise nature of the decays themselves remains 3 an open question [3, 4] .
Reliable techniques to predict branching ratios remain elusive. Furthermore, because SU(3) symmetry is broken only weakly in this regime, weak radiative 6 decays should approximately conserve parity [5] . Consequently, the asymme- 7 tries of decay angular distributions should be small. However, results from 8 experiments indicate a relatively large (negative) asymmetry in every mode 9 investigated [6] . A number of models have been proposed to explain this appar-10 ent discrepancy [7] . Experimental results tend to favor pole models or models 11 based on chiral perturbation theory, which correctly find the sign of the asym-12 metry. Recently, a resolution of at least part of the puzzle has been offered [8] . 13 When the NA48 Collaboration undertook investigations with a high-intensity 14 K 0 S beam in 2002, trigger strategies for identifying radiative hyperon decays 15 were included from the outset. The production over the full course of the run 16 of more than 3 × 10 9 neutral cascades, Ξ 0 (1315), offered NA48 unmatched 17 sensitivity for the study of such decays. 1 18 This Letter details the measurement with these data of the weak radiative hy-19 peron decay Ξ 0 → Λe + e − . This is the first measurement of this decay channel. 20 If one assumes an inner bremsstrahlung-like mechanism producing the e + e − 21 pairs, the expected rate for this process may be estimated naively assuming 22 the (virtual) photon converts internally (Dalitz decay) or by using the ma-23 chinery of QED as carried out in rate predictions for Σ 0 → Λe + e − [1, 2] the momentum resolution (with p in GeV/c) was:
59
The resulting m π + π − resolution in K 0 S → π + π − decays was 3 MeV/c 2 . into approximately 2 cm × 2 cm cells, and its depth was 27 radiation lengths.
64
Its single-shower time resolution was less than 300 ps; its transverse position 65 resolution was better than 1.3 mm for a single photon of energy greater than 66 6 20 GeV; and its energy resolution [10] was
where E is in GeV. The resulting m γγ resolution in π 0 → γγ decays was 69 approximately 1 MeV/c 2 . trigger required more than one track to have passed through the spectrome-95 ter forming one or more good vertices 2 . The highest level trigger, an offline 96 software cull, passed events containing a good Λ candidate and at least one 97 2 A good vertex is defined, in this context, as the occurrence of two tracks passing within 5 cm of one another between the target and the first drift chamber high-energy cluster in the calorimeter not associated with either of the tracks the relativistic energies of the particles associated with the respective tracks, added vectorially, and then normalized to the energy sum of the two particles.
137
The result, a quantity called the center of gravity (COG), had to be greater 138 than 8 cm to ensure that a parent of the two tracks was unlikely to have been 139 directly produced in the target. The COG of a directly produced particle 140 should be small.
141
The invariant mass of surviving proton and pion candidate pairs was calcu- Finally, for both signal and normalization channels, the event COG, which 154 ideally would be 0 (see above), had to be equal to or less than 6 cm. We estimated the contamination by accidental coincidences four ways:
208
(1) Running the same analysis on the data, but requiring that the final-state 209 leptons have the same charge.
210
(2) Requiring that at least one track or shower be between 10 and 20 ns 211 out-of-time and scaling appropriately.
212
(3) Taking events with m pπ values between 7 and 10 standard deviations 
218
These approaches, which are not independent, yielded between 1 and 9 events 219 in the signal region; we take the number to be 7 ± 5 events.
220
In conclusion, combining the physics backgrounds with those attributed to 221 accidentals and combinatorics, the estimated number of background events in 222 the signal region is 15 ± 5 [see Table 1 for a summary of the background 223 estimation].
224 Table 1 Sources of expected background events.
Source Estimate The background contamination of the normalization sample was estimated 225 from the tails of the m eeγ spectrum, which peaks sharply at m π 0 . Including 226 a linear extrapolation under the mass peak, the number was estimated to be 227 428 ± 258. 
Ξ 0 Flux

229
The total number of Ξ 0 produced during the run was estimated by fully re-230 constructing Ξ 0 → Λπ 0 , π 0 → e + e − γ events without a longitudinal vertex 231 position cut and using the equation
233
From the entire data set, 29522 such events were reconstructed. After back-234 ground subtraction, this gives an integrated flux of 235 Φ Ξ 0 = (3.15 ± 0.03 ± 0.08) × 10 9 .
236
The first uncertainty is due to statistics, and the second is from branching 237 fraction uncertainties, primarily that on B(π 0 → e + e − γ).
238 Table 2 Quantities that entered into Ξ 0 flux calculations.
No. of events in signal region 29552
Estimated no. of background events 428 ± 258
0.01198 ± 0.00032
Results
239
At the end of the analysis, 412 events were found in the signal region [see Given the background estimate, efficiencies, and flux discussed above, and 247 the PDG Λ → pπ − branching ratio [see Table 3 ], the branching ratio for
where the uncertainty here is statistical only.
251
Anti-cascades also were reconstructed, from Λe + e − [see Figure 4 ]. The signal 252 region contains 24 events. Since the anti-cascade has kinematics, backgrounds, for resolution effects) resulted in branching fraction changes of between 0.2% 263 and 3%. We assign the highest variation (±3%) as a systematic error.
264
It was possible to eliminate nearly all physics backgrounds by excluding signal 265 events with 0.100 GeV/c 2 < m ee < 0.135 GeV/c 2 , which, according to signal 266 Monte Carlo, reduces the reconstruction efficiency by 5%. Cutting this region 267 from the final data sample, and recalculating the branching ratio, results in a shift of 1.8%, which was included symmetrically as a systematic uncertainty.
269
These, along with smaller variations in the branching fraction resulting from 270 other modifications of the selection criteria, were added in quadrature to give 271 a systematic uncertainty of ±3.6% on the branching fraction.
272
We conservatively assign a relative ±1% uncertainty on the determination of 273 the background to account for correlations in methods for estimating acciden-274 tally in-time events.
275
The branching fraction differed by about 1% when signal and normalization 276 modes were simulated with and without radiative corrections, and we include 277 this difference symmetrically as a systematic uncertainty.
278
For the A × determinations, the Ξ 0 polarization of simulated events was set 279 to −10%. Samples of simulated data, generated with the polarization varied 280 between 0% and −20% (±10%), were used to recalculate the branching frac-281 tion vary. The largest variation among these trials was 2.7%, and this variation 282 is taken symmetrically as a systematic uncertainty.
283
The decay asymmetry used in generating simulated signal events was that of 284 the process Ξ 0 → Λγ [11]. Our measurement, discussed below, is in agreement 285 with this value, but with a 25% uncertainty. Varying our simulation within 286 this 25% range changed the branching fraction by at most 2.5%, and this is 287 symmetrically assigned to systematic uncertainty.
288
The determination of the trigger efficiency and Ξ 0 flux were discussed above.
289
The difference between trigger efficiencies for signal and normalization chan-290 nels is taken as an uncertainty, affecting the branching ratio by 0.6%. An 291 alternative, less direct, calculation of the flux was statistically consistent with 292 the one described above. The two differed by 1.9%, and we conservatively 293 include, symmetrically, this amount as a systematic uncertainty.
294
The total systematic uncertainty on the branching fraction, recounted in Ta-295 ble 4, is ±5.7%, the sum in quadrature of each of the sources described. This 298 The cos θ pΞ spectrum from signal events was corrected by subtracing scaled 303 backgrounds from the side-band regions indicated in Figure 1 and by dividing, 304 bin-by-bin, the acceptance as determined from a Ξ 0 → Λe + e − simulation 305 where the spectrum was generated to be flat in cos θ pΞ . A two-parameter fit to 306 this corrected spectrum gives the product of asymmetry parameters α ΞΛee α ,
307
where α is the asymmetry parameter for the decay Λ → pπ − . This latter was 308 taken to be α = 0.642±0.013 [6]. The fit (over the interval −0.8 < cos θ pΞ < 1)
309
[see Figure 5 ] to the data yields, The weak radiative decay channel Ξ 0 → Λe + e − has been identified. Its branch- 315 ing fraction has been determined to be 316 B(Ξ 0 → Λe + e − ) = [7.6 ± 0.4(stat) ± 0.4(syst) ± 0.2(norm)] × 10 −6 , consistent with an inner bremsstrahlung-like production mechanism for the 318 e + e − pair. The consistency is further supported by the m ee spectrum. The 319 decay parameter 320 α ΞΛee = −0.8 ± 0.2, 321 is consistent with that measured for Ξ 0 → Λγ.
322
Twenty four events of the charge conjugate reaction Ξ 0 → Λe + e − populate 323 the nominal signal region. This number is consistent with the Ξ 0 branching 324 fraction and the relative Ξ 0 and Ξ 0 production rates.
325
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